INTRODUCTION
Glass fibers have shown outstanding strength and strength-to-density ratio properties that make their application to pressure vessels particularly attractive. The application has been generally in the form of filament-wound glass-reinforced plastic [1] . However, after extended periods of static or dynamic loading at ambient temperatures, the rate of strength-degradation of filament-wound glass-reinforced plastic pressure vessels has been high compared with that of metallic pressure vessels [2] . Under stress, the resin matrix generally cracks or crazes e,4] which exposes the glass fibers to atmospheric moisture causing degradation of the fibers. At cryogenic temperatures, however, the moisture problem is reduced, and an improvement in fatigue properties would be expected. Furthermore, the glass strength increases significantly as the temperature is lowered [4] .
The application of glass filament-wound pressure vessels in the containment of cryogenic liquids, however, has been limited because of liner problems; both plastic films and metallic foils have been investigated as solutions to the problem [5] . Limited success has been attained because of general embrittlement of polymers at cryogenic temperatures and the strain incompatibility of metallic foil liners with the high extensibility of glass fibers (> 3 %). It has been shown, however, that thin, bonded aluminum foil liners are feasible under limited cyclic life. Usually the problem area has been in the seams required in fabrication with foil material. Limited liner life has particularly restricted the investigation of fatigue in filament-wound glassreinforced plastic pressure vessels. Recent developments in electroforming thin nonporous metals such as aluminum [6] show promise in fabricating liners without seams.
As a continuation of a program investigating filament-wound glass-reinforced plastic pressure vessels, model vessels were subjected to static and cyclic loading at ambient and cryogenic (liquid nitrogen) temperature environments. The performance rating of these pressure vessels was determined by investigating cylinders with liners of a polymeric film, aluminum foil, and electroformed aluminum. A schematic diagram of the biaxial cylinders and end caps used in the investigation is shown in Fig. 1. The cylinders were open-ended right circular cylinders, 7.5 in. in diameter and 20 in. in length. Table I lists the materials used in the cylinder fabrication. The cylinders were fabricated on mandrels of thick-wall aluminum tubing. A slight taper was provided to facilitate removal ofthe finished cylinder from the mandrel. In the case of the aluminum foil liners and the polyimide film liners, a sufficient length of material was wrapped on the mandrel to allow a lap seam of about 0.25 in. The seam was made with G 207 adhesive in such a manner as to assure a smooth, close fit of the liner on the mandrel. The electroformed aluminum liner was electrodeposited on an aluminum mandrel that had been first flash coated with about 0.001 in. of silver. Electroforming parameters were controlled to produce a uniform thickness of about 0.005 in.
The same fabrication procedure of the filament-wound glass-reinforced plastic cylinders was followed for all liner concepts. The liner on the mandrel was coated
